Comparative proteomic analysis of Arthrobacter phenanthrenivorans Sphe3 on phenanthrene, phthalate and glucose.
In the present study, by applying comparative quantitative proteomics, we investigated the metabolic adaptation of Arthrobacter phenanthrenivorans Sphe3 when using phenanthrene, phthalate, glucose or glucose plus phenanthrene as sole carbon and energy sources. More than a third of the total Sphe3 proteins, with function prediction within the genome, were identified with confidence. Proteomic analysis data and annotated genomic information coincide, allowing us to clarify the phenanthrene catabolic pathway. We confirmed the implication of several proteins in aromatic substrate degradation by identifying those mediating the initial ring-hydroxylation and ring cleavage of phenanthrene to phthalate, phthalate degradation, as well as ortho- and meta-protocatechuate catabolism. Repression of catabolic genes by glucose was observed by both proteomic and transcriptional analyses. The presence of aromatic substrates resulted in changes in the abundance of proteins involved in substrate and amino acid metabolism, stress response, detoxification and membrane and cell wall metabolism. Uptake and transport associated proteins differ in the substrates used, indicating the use of different uptake mechanisms for transport of each compound in the Sphe3 cells. Our results also suggest the activation of a glyoxylate shunt in the presence of aromatic compounds, based on the up-regulation of the key enzymes of this pathway. A. phenanthrenivorans Sphe3, isolated from a creosote contaminated soil in Greece, can grow on phenanthrene as the sole source of carbon and energy. To explore the phenanthrene catabolic pathway by determining the key proteins involved in this pathway, as well as the global changes in proteins due to the adaptive response of Sphe3 cells grown on different substrates, we applied a gel-free quantitative proteomic analysis using nanoLC-MS/MS. To our knowledge this is the first study of comparative global proteomic changes occurring in the Sphe3 cells under exposure in different nutritional environments. The extended proteomic changes observed in Sphe3 grown on different substrates provide an insight in the complex interactions occurring in the presence of aromatic compounds and could serve as a basis for further investigations intended to elucidate the general regulatory mechanism by which Sphe3 adapts to such xenobiotic environments. This may light the way for more efficient engineering of bacteria towards more effective bioremediation applications.